A convenient four-step synthesis of progesterone fused to N-arylcarbamoylthiocarbonylpyrazoline at position 16,17 starting from 3β-acetoxypregna-5,16-dien-20-one was developed.
Introduction
Steroids with a heterocyclic moiety have high biological activity and are of interest as potential drugs. 1 Therefore, we turned our attention to the synthesis of pyrazoline-containing compounds in order to study their structure-biological activity relationship. Such compounds can be synthesized by cyclization of 20-hydrazones bearing substituents. [1] [2] [3] [4] [5] 16,17-Heterocyclic steroids, prepared by cyclization of recently synthesized substituted steroid hydrazones derived from Naryl-2-hydrazinyl-2-thioxoacetamide, 4 ,5 may be of particular interest. The chemical properties of oxamic acid thiohydrazides are determined by the difference in the reactivity of the oxamide and thiohydrazide groups. Due to the high polarizability of the π bond, the thiocarbonyl group reacts much more readily with nucleophiles than the carbonyl group. Combination of these groups with chiral steroid skeletons offers considerable scope for the systematic synthesis of heterocyclic steroids having valuable biological properties, which, in turn, can lead to the design of drugs.
Results and Discussion
Earlier, we have carried out the reaction of 3β-acetoxypregna-5,16-dien-20-one (1) with monothiohydrazides of oxamides [H 2 NNHC(=S)-C(=O)NHR] affording the corresponding 16,17-pyrazoline derivatives in low yields; in some cases attempts to perform the cyclization failed. 4, 5 In the present study, we developed a convenient route in four steps to progesterone analogs containing the N-arylcarbamoylthiocarbonylpyrazoline moiety fused to positions 16,17. In the first step, the reaction of 3β-acetoxypregna-5,16-dien-20-one (1) with monothiohydrazides of oxamides in refluxing ethanol in the presence of a catalytic amount of glacial acetic acid produced 20-thiohydrazones 2a-f in 80-85% yield (Scheme 1). In glacial acetic acid under reflux for 3 h, 20-thiohydrazones 2a-f underwent cyclization to the corresponding (N-arylcarbamoylthiocarbonyl)pyrazolines 3a-f in 77-80% yield. Hydrolysis of 3a-f in 2N ethanolic NaOH at room temperature brought about removal of the 3β-acetyl group forming alcohols 4a-f. Oppenauer oxidation of the 3β-hydroxy derivatives 4a-f with cyclohexanone in the presence of Al(Oi-Pr) 3 afforded the desired ∆4-3-ketosteroid derivatives 5a-f containing the (N-arylcarbamoylthiocarbonyl)pyrazoline moiety fused to positions 16α,17α in 64-69% yield. All correlations between carbons and protons through one bond were found in the HSQC spectrum. The HMBC spectrum permits the assignment of all quaternary atoms and interconnections between the steroid and the N- Excess of aluminum isopropoxide was destroyed by adding aqueous acetic acid (30%, 600 mL). The toluene layer was separated and washed with satd. aq. NaHCO 3 solution. The aqueous phase was extracted with chloroform and washed with satd. aq. NaHCO 3 solution. The organic extracts were combined, washed with water, dried (Na 2 SO 4 ), and evaporated in vacuo; cyclohexanone was removed by steam distillation. The product was purified by column chromatography (silica gel, hexane/ethyl acetate 3:1 as eluent) to give light yellow crystals 5a-f (Tables 1 and 2 ).
